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Toxicology and Heslth -
%agéa Asssssmant

510242 7971
Fax 510 242 7022

Document Processing Center (7407)
Attention: TSCA 8(e) Coordinator

Office of Pollution Prevention and Toxics
U. S. Environmental Protection Agency
401 M Street S. W,
Washington, DC 20460-(

| TSCA 8(e) Information for Tertiary Amyl Methyl E

Dear Sir or Madam:

This information is submitted as supplemental information to a previous Section 8(e) notification
submitted on behalf of Amerada Hess Corporation, Chevron Products Company, CITGO
Petroleum, Exxon Company USA, Marathon Oil Company, Sun Refining and Marketing, and
Texaco Refining and Marketing. A copy of cur original April 29, 1996 letter is enclosed.

This new information was developed in response to test results obtained under the Enforceable
Consent Agreement (ECA, 54 FR. 14910 -- March 21, 1995) for TAME (CAS No. 894-03-8}). In
the initial study that was the subject of the TSCA 8(e) submission, positive findings were
observed in an in vitro siudy of chromosome aberrations in Chinese Hamster Ovary (CHO) cells.
We have repeated that study and have used the same protecol to evaluate a metabolite © of TAME,
tertiary amyl alcohol (CAS No. 75-85-4).

The repeat study with TAME confirmed the results of the first assay. The percentage of cells
with aberrations increased in a dose related manner in the 8-9 activated test system, :
metabolism of TAME (which was siudied as part of the ECA) forms tertiary 1 al

and formaldehyde. The S9 fraction added to the CHO assay will m@w@@%&gﬁ
metabolites. Under the in vitro conditions of this study, we believe that f
accurnulate and is responsible for the observed effects. This hypott
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the e periment with TAA. With TAA as the starti
test system. Ase ted, when TAA was tested no increase
seen with or without S9 activation. The hypothesis is also sup
material, methy! tertiary butyl ethe
tertiary butyl alcohol. The effect of
demonstrated to be due to the accumulation of for
Society of Experimental Biclogy and Medicinz, 1

ehyde {%ﬁ@@%@m@ etal,
, Vol. 212, p338-341).

ceedings of the

g

As pointed out above, the toxicity associeted with the metabolism of TAME to formaldehyde is
likely an artifact of the study conditions and is not expect

cted to coeur in vive. nt studies with
mouse and rat hepatocytes demonstrated that formaldehyde from MTBE metabolism did not
accumulate in intact cells (Casanova and Heck, Toxicologist, 1997, Vel. 36, Ne. 1, @33@‘? Also,
formaldehyde is a metabolite from many endogenous substrates and has an essential role i
several biosynthetic processes.

Unlike the first study, a statistically significant increase in chromosome aberrations was seen in
the non-activated test conditions. However, significantly miore cytotoxicity was seen in the non-
activated system during the second test and is likely to be the cause of the observation. This
interpretation {lack of genotoxic effects) is consistent with the results of other genotoxicity
assays with TAME including the s test and In Vivo mouse micronucleus studies shat w
negative (Daughtrey and Bird, Journal of Applied Toxicology, 1995, Vol. 15, Numver 4, P313-
319). In addition, an HGPRT gene mutation assay in CHO cells was conducted as part ¢
ECA and was also negative.

If you have any guestions about this submission, pleass ¢
Petroleum Instinite (202) 682-8333,

Sincerely,
)

g~

Richard D. Cavalli
Manager, Toxicology and Health Risk Ass
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Enclosures: 3

1) TSCA 8(e) letter of April 29, 1
2) Final repori: Chromosome Aberrations in Chinese Harnster Ov
Amyl Methyl Ether (T4 robiological @%ggmgaﬁ@& Ine. Eﬁég 31, 1997.
3) Final report: Chromosome Aberrations in Chi HC
Amyl Aleohol. Microbiological Associates, Inc. July 31, 1f

cc. Mr. Gary Timm
Chemical Control Division
Office of Pollution Prevention and Toxics
U. S. Environmental Protection Agency
401 M Street S. W,
Washington, DC 2
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Tertiary Amyl Alcohol, CAS 75-85-4

madevi Gudi, Ph.D.
Elizabeth H. Schadly, B.S.
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Sponsor:

Authorized Representative:

Performing Laboratory:
Test Article 1.D.:
Test Article Lot Number:

Test Article Purity:

Sponsor Project Number:

Test Article Receipt:

tudy Initiation:
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3

Laboratory Supervisor:

WA Study No. GISCHS7.330

@%ﬁ@?’“ Drive
Rockville, Maryland 20850

Tertiary Amyl Aleohel, CAS 75-85-4

66H3416, obtainec {from Sig
Company

Ch

99.8%, (provided by S

& Chemical Company)
HES3251-HF-08200TEST

clear, colorles

room temperature, protected from expeosure te
light

December 6, 1996
January 15, 1997

Elizabeth H. Schadly, B.S.
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Study Title:

e ; ?ﬁ@@@.zﬁ,ﬁﬁg SE TER OVARY
@@@@3 CELLS - ‘ IR

Study Number: G96CHS57.330

Study Director: Ramadevi Gudi, Ph.D.

This study has been divided into a series of in-process phases. Using
a random sampling approach, Quality Assurance monitors each of these
phases over a series of studies. @ﬁ@@@@mrﬁgg documentation, equipment
records, etc., are examined in order to assure that the study 3@
performed in accordance with the U.8. FDA Go ratory Practice
m@@@i@tl@ﬂ@ (21 CFR 58), the U.8. EPA GLPs (40 C 782 and 40 CFR
160), the UK GLP Compliance Programme, the Japanese GLP Standard, and
the OECD Principles of Good Laboratory Practice and to assure that the
study is conducted according to the protocol and relevant Standard
Operating Procedures.

The following are the inspection dates, phases inspected, and
dates of QA inspections of this study.

INSPECT ON 16 JRW 87, T0 STUDY DIR 16 JAY 97, TO MEMT 16 JAW 87
DHRASE: Protocol Review

INSPECT OW 24 FEB 97, TO STUDY DIR 2¢ FEB 97, TO H
PHRSE: Preparation of slides for test and control @11

INSPECT O 12 MAY 97, TO STUDY DIR 12 MAY 87, TO MUEMT 13 MAY 87
PHASE: Draft Report

INSPECT OW 2321 JUL &7, TO &TUDY DIR 231 JUL 97,
PHRSE: Draft to Final Report

This ?@M@X? d@@gr°%@% the methods and procedures used in the
study and the reported results accurately reflect the raw
data of tﬁ@ @?@@y
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Study G9CH.

Regulations as published in 21 C
792, the UK GLP Compliance Progr:
of Good T shoratory Practice in all material a

The identity, strength, purity
characteristics to define the test or com
determined by the testing facility.

\nalyses t¢ determine the uniformity, concentration, or .
the test or control mixtures were not performed by {
facility.

The stability of the test or control article under the test conditions
was not determined by the testing facility.

- N/M’? - £ - e
L dee (52, ST 7 34,/ 77 7
Ramadevi Gudi, Fh.D. Date

Study Director
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ﬁ@ test &“’iﬁ%@ﬁ@ﬁ Tertiary Amyl Alcohol, CAS 75 854,

using Chinese
preliminary ioxicity test was performed to establish

the chromosome aberration assay. The chromosome i to evaluate the

clasiogenic potential of the test article.

Dimethy! sulfoi.:de (DMSO) was determined to be the solvent of choice based on sclubility
of the test article and compatibility with the target cells. The test article

at 500 mg/ml, the maximum conceniration tested.

In the preliminary toxicity assay, the maximum dose tested was 5000

was soluble in treaiment medium at all concentrations tesied. Selection of dose levels for the

chromosome aberration assay was based on cell growth inhibition relative to the solvent control.

Cell harvest times were determined afier evaluating the test article effect on the cell eyele kix

by measuring the average generation time (AGT). Toxicity, i.e., cell growth inhibition, was 23%

and 31% at the 5000 pg/ml dose level in the non-activ end S9-activaied test sy

 for the chromosome aberration azs

respectively. Based on these findings, the doses chos
ranged from 79 to 5000 pg/mL for both the non-activa

the S%-activated sy

delay in the average generation time was observed at the highest 1 the non-acti'

and S9%-activated studies, 5000 pg/mlL. In the - of cell cycle delay in the nop-

and S9-activated portions of the preliminary toxicity as

v, the cell harvest times were ¢

hours for both the non-activated and S%-activated chromosome aberration

In the chromosome sberration assay, the test article was solut

concentrations tested. The cells were

for 4 hours in the 89-activated test sy

or both the nop-act
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oxicity, i.e., cell gro
structural chromosome

systems, re tively. Mo

observed in either the non-activated or S9-
group (p>0.05, Fisher’s exact test). B
CAS 75-85-4 was concluded to be negative for

on the

aberrations in Chinese hamster ovary {CHO) cells.

MA Study No. GP6CHS57.330




The purpose of this study

its ability to induce chromoson

The test article, Tertiary Amyl Alcohol, CAS 75-85-4, was received by Mi
scernber 6, 1996 and was assigned the code number 96C] :

article was characterized by the supplier as a colorless Liquid ¢

Associaies, Inc. on |

place. No expiration date was provided. Upon receipt, the test
colorless liquid and was stored at room temperature, protected from

solvent used to deliver Tertia vl Alcohol, CAS 75-85-4 to the test syst

No.: 67-68-5), obtained from the Fisher Scientific Company.

Mo.: 6055-19-2), was obtained from S

in sterile distilled water to stock cong

confrol in the S9-activated test system. For each

scorable metaphase cells was selected for ¢

the solvent control at the

Complete medium or 89 reactios . in the untreated control.

Test System

Chinese hamster ovary (CHO-K,) cells (

American Type Culs @@m@m@ R

3

of the cell line, wor

MA Swdy No. GSSCHI7330 .



tested using the H

The use of CHO cells has &

clastogens (Preston et al., 1981).

Metabolic Activation System

Aroclor 1254-induced rat liver 89 was
1 from male Sp
Aroclor 1254, 500 mg/kg, five days prior to sacrifice. The 89

e-Dawley rats i

<-70°C until used. Fach bulk preparation of S9 was assayed for sterility

metabolize 2-aminoanthracene e.d 7,12-di : ( cene to fo

Salmonella typhimurium TA100.

Immediately prior to use, the S9 was thawed and mixed with a cofacto

magnesium chloride, 6 mM potassium chloride, 1 mM glucose-6-phosphate, 1

adenine dinucleotide phosphate (NADP) and 20 pl §9 per miltiliter medium (McCoy’s SA set

free medium supplemented with 100 units penicillin and 100 pg sireptomycin/ml, and 2 mM L-

glutamine).

Solubility Test

A solubility test was conducted to select solvent. The test was conducted using one or | )

more of the following solvents in the order of
dimethylsulfoxide (DMSQO), e

solvent, selected in order of

ference as listed: purified water,

workable stock concentration,

Preliminary Toxicity

The preliminary toxicity-
harvest times for the chromost
cell

nximately 5 x 10° cells

effect on cell growth

at

&

MA Swdy No. GISCHS7.330
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non-activated study or S9-reaction mixture (4 mi complete

of 5X 89+

cle in solvent or

the activated study, to which was added 50 ul dos

solution of ¢

alone. The cells were treated for 6 hours without S9 or for 4 hours with §9. Two ho

initiation of treatment, a 50 pl aliguot of 1 mM S-bromeo-2°-

each flask and incubation continued as requis At completion of d

treatment medivm was removed, the cells wask
buffered saline (CMF-PBS), refed with 5 mi comp.

returned to the incubator for a totel of 24 hours from

ng/mL. After incubation in Col¢ mid®, the zells were

using a Coulter counter. Cell viability was dete blve dye exclusion. Ths cell
counts and percent viability were used to determine cell growth inhibition relative to the solvent
red and steined for sister chromatid Jiff
using a modified fluorescence-plus-Giemsa technig Wolff, 1974). Slides we

ient-division metaphs

control. Metaphase preparations were pr

ue (Perry a

evaluated for the percentage of first, second and third-plus-sul

cells
for estimation of the test article effect on cell cycle kinetics. The average generation time (AGT)

was calculated for each treatment condition.

Chromosome Aberrstion As

The chromosome aberration assay was

by exposing duplicate cultures of CHO cells to the test article as well as positive, sol
untreated conirols. For the chromosome sberration
approximately 5 x 10° cells/25 cm?
atmosphere of 5£1%-CO, in air for 16-24 ]

duplicate flasks with S mi ¢

160 uniis penicillin and 100 pg ¢

°

study or S ml S9 reaction mixture for

BMA Swudy Mo, GRCHSTI30
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of 5%1% CO, in
o dupl

scheduled cell harvest, Colcemid!
a final concentration of 0.1 pg/

In the SY-activated study, the cells were expos
atmosphere of 521% CO, in air. After ihe exposure
the cells washed with CMF-FBS, refed with complete med

e

Two hours prior to the scheduled cell harvest, Coleer to duplicate f1
treatment condition at a final concentration of 0.1 ug/ml the fl

incubator until cell collection.

A concurrent toxicity test was conducted in both the non-activat
studies. After cell harvest an aliquot of the cell sus culture and

counted using a Coulter counter, Cell viability

by trypan blue dye exch

&

oy ©

The cell counts and percent viability were used to determine cell growth inhivition relative to

solvent control.

Collection of Metaphase Cells

Two hours after the addition of Cole

activaied and S9-activated studies by trypsinization, Cells

LR

after initiation of treatment. The cells were collected by centrif
in 2-4 m] 0.075 M ¢

s for 4-8 minutes,

for 5 minutes. The cell pellet was resus

> pells

allowed to stand at room temperal

the supernatant aspirated cells fixed wit
l:glacial scetic acid, 3:1, vv). TI
ately 2-6°C.

fixative (m

fixative at approx

MA

by Mo. GISCHS7.330
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Slide Preparation

onto the center of a glass slide and allowed to
study number, date preg
Giemsa, air dried and permanently mounted.

Evalnation of

not involved with

Slides were coded using random numbers by an individ e scoring

process. To ensure that a sufficient number of metap! t on the slides, the
percentage of cells in mitosis per 500 cells sco i for each

treatment group. Metaphase cells with 2012 centromeres were exer

without prior knowledge of treatment groups. never possible, a
spreads (100 per duplicate flask) were examined and scored for chroms

type aberrations. Chromatid-t aberrations include chromatid

exchange figures such as quads s (symmetrical and asymmetrical interc

and complex rearrangements. Chromosome-t chromosome bre

exchange figures such as dicentrics and rings. Fra

absence of any exchange figure were scored as a break

ge figure were not scored as an sl

observed with an exc!

part of the incomplete exchange. Pulverized chromosome(s), pulve

damaged cells (210 sberrations) were also rec

recorded but not included in the ysis. The XY coo

aberrations were recorded using a calibrated microscope stage.

Evalustion of Test Res

The toxic

MA Study No. GISCHS7.330




ation time (AGT), an e

trestment condit

aberrations per cell (mean aberrations per cell)

Chromatid and isochromatid gaps are presented in the dat in the toual

percentage of cells with one or more aberrations or in the frequency of structural aberrstions per

cell.

Statistical analysis of the percent abe

it cells was performed using the Fisher's exact test.

Fisher’s test was used to compare pairwise the percent aberrant cells of each

roup with

that of the solvent control. In the event of a positive Fisher’s test at any test

icle dose level,

the Cochran-Armitage test was used to measure dose-responsiveness.

All conclusions were based on sound scientific |

of the data, the test article was considered to induce a positive res

cells with aberrations were incre mer with one or

concentrations being statistically elevated relative to the solvent control gr

significant increase at the high dose oanly with no dose »
significant increase at one dose level other
considered equivocal. Test &

aberrations were concluded to be negative.

Criteria for 8 Valid Test
The frequency of cells with struc
ter than 6%.

solvent control must be no

&5

MA Stdy Mo, G96CHS7.330



aberrations in the positive ¢ must

relative to the solvent control or to the untr

Arcliives

Upon completion of the final report, all raw data, reports, :

d in the archives of Microbiological A iates, Inc., locat

DISCU

Solubility Test
DMSO was dete
compatibility with the target cells.

rimined {0 be the solvent of choice

test article v

500 mg/ml, the maximum concentration tested.

Preliminary Toxicity Assay

Dose levels and post-treatment cell harvest times for the chromosome

selected following a preliminary toxicity test | upon a reduction of cell growth (cell growth

inhibition) and cell cycle delay afier treatment relative to the solvent control. resiidts of the

evaluation of cell growth :

= g@f@‘}%ﬁi@ @gy
i 4. CHO cells were &

e presented in Tables 1
1 in Tables 3

solvent alore and 1o nine concentrations of test &

evaluation of cell cycle delay are presen

in the absence and presence of an S9 reaction mixi
ions tested.
' g
medium was 426 mmolkg.

medium at all concen

conceniration tested, & ., Was 342
pH of the hig

medium was approximately 7.0. Cell srowth

dose tested in the non-ac

delay in the preliminary toxicity

MA Swedy No. GR6CHS7330



Chromosome Aberration Assay

The activity of Tertlary Amyl Alcohol, CAS 75-85-4 in the i

stion of

aberrations in CHO cells when treated in the sbsence of S@-activation is
flask in Table 6 and =

by

soluble in

arized by g

up in Table 9.

medium at all concentrations tested. Toxucity {cell ition relative to

control) was approximately 42% at 5

structural chromosome aberrations (Table 5).

eviauated for chromosome aberrations, S(

ced relative to the solvent

control. Concentrations of 625, 1250, 2500, and 5000 ug/ml were evaluated for chro

aberrations. Additional concentrations of 79, 157, and 313 pg/ml. were tested as a ¢

against excessive toxicity at higher concenirations but were not req

examination. The percentage of cells with structural aberrations in the test article-treated groups
>0.05, Fi

The percentage of damaged cells in the MMC group was 8% (p<0.01, Fisher’s exact test).

was not significantly increased above that of the solvent control (

s exact test}).

The activity of Tertiary Amy! Alcohol, CAS 75-85-4 in the induction of chr
ted in the p

aberrations in CHO cells when t

treatment flask in Table § and o

ace of an §9

ized by group in Table 9.
treatment medium at all concentrations tested. Toxicit
solvent control) was approximately 12% at 5000 pg/ml, the hi

for structural chromosoms aberrations (Table 7). The mitotic index of

evlauated for chromosome sberrations, 5000 ug/ml, was 29% 1

P

conirol. Concentrations of 625, 1250, 2500, and 5000 ug/ml were eval
313 pug/ml w

: bt were not 1

aberrations. Additional concentrations of 79, 157,
against excessive toxicity at higher ¢

Ma Swedy Mo, GSECHEZ.3 a0
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S

DMSO 3.22 3.60 850
75-88-4
1.5 pgsel 2.84 88% 2.50 &35 7%
5 palwl 2.40 SE% 2.6 e 4 28%
15 pesisd 3.14 &% 3.02 181% =98
50 uasml 2.67 2.38 % 21%
159 ugfml 2.63 B2% 2.6 2% 28%
500 pgsfal 2.78 &9% 2.48 825 178
1500 pg/mi 2.47 93% 2.30 TTR 3%
5000 Lgsml 2.5¢ 828 £.08 &% S b
' CHO cells were trested in the presence of an ex source of metebolic sctivatien
for & hours at 3721°C.
2 Viebility deternined by tryzen blue gye exclusion.
z visble cells/flask = cell count x % visble cells
Growth index = (cells per flask trested group/eells per flask control groupy,
, B3 @ percentage.

Cell growth inhibition = 1008 - % cell grewth index.

MA Stedy Ne. @%@ﬁ’%ﬁ?ﬁ%@




PRELIMINARY TOMICITY TEST US

1
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CAS

s were trestsd in the shesree of &a e

b sctivetion for & howrs st 3721°C, :
collscted follouwing @ 24 hour grouth peried in Brell.
Average Generstion Tiams:

® 160

Ma Study Mo, O
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FRELINIRARY TQIET

Treatment’

pMso & &1 [ 2.6
Tertiary Amyl Alcchel, CAS T5-88-4

0.5 pasal 3 o7 0 2.2
1.5 ug.mtl 2 g8 {3 2.9
5 ugsml 3 o7 1] j2.2
15 pgsra o 300 @ 12.8
58 ugial 9 &9 ke 2.9
150 poset 1 & 8 12.9
S00 pasel 2 o8 ] f2.%
1500 pgiml 1 99 ] i2.%
5000 pesfml 2 o8 L] 12.%

CHO cells were trested in the presence of &n ex ssurce of
metabolic sctivation for 4 hours &t 37:1°6. Metsphese cells sere
colicsctsd folloving & 26 howur growth peried in Brdl.

Averege Generation Time:

2 % 180

J COUIS X 21 + Linsaser OV Mo cetis R 313

[irlgosr ov HL celis % 1) + (&

MA Study No. GOSCHST.3:
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CONCLRRRET ¥ @&% -84 &%

MA Study No. G26CHI7.330

Treatment’ Replicete Cell Coumt
Flask {x10%
Untrested A 7.51 S
8 .71 1% 1.5% #5C g€
DHED A 1.78 G928
B 1.60 55% §.55 10aE &
Tertisry Amyl Alcohol, CAS 75-85-6
79 upsel A 1.50 93%
2 7.81 e7% 3.93 9% 1%
157 pgsad, A 1.56 1%
8 1.88 88% .56 e9% i}
313 pasml A 1.37 S&%
B 1.56 &9% 7.3% o7% 138
625 ugssl & 1.43 20
: B 1.58 S0% 1.35 868 63
1250 paiml A 7.55 PeE
B 1.14 1% 9.25 80% &0y
2500 pg/el A 1.35 SR
8 1.30 SR 9.83 TR 298
5000 posml A 0.83 §5%
1.86 L 72 8.90 S8 &%
i, A 1.52 0%
0.08 pg/ml 8 1.8 84% .95 75% 258
MMC ) 9.8 83%
0.5 ygiml B §.89 arx 1.6%
' Cho celle were trested in the ce of en @ & lie setivetion for 120 8t 3Pet%¢.
? viebility determined by trypen blue dye exclusien.
; Yishle cells/flack = coll coumt 8 ¥ w @ oslis, reported se af Fl

Growth index = (meen cells per flesk treeted gr
porcentege. (Vest srtiecle concentrstions
untregted contrel.)

Cell grouth inhibitien = 1008 - & cell grewth §

eolls por flask ¢
red to solvent econtrsl




Lbsrrant

Hitotie Cells gells’
Treatment’’ Flssk Index Scorad 9! Bresks Euch
Untreated A 16.0 160 8 & 8 ¢ B o [ 8
cells B 15.0 60 g & 6 9 ] 8 @ @
A 4.8 1006 2 2 8 & 9 o 9 8
] 6.8 108 2 i} 3 @ 1 [ a g
Tertiary Asyl Alcohel, CAS 7T5-85-4
&25 pafsl A 11.6 168 L] 2 @ L] 8 i ] B
8 13.06 160 % ] 9 2 @ B ] &
1250 pgssd A 16.0 160 o 9 @ & @ (¥ g 8
8 1.6 60 B § O ] ] @ 9 @
2500 posel A 8.8 100 3 8 3 ] e 2 8 @
B 5.2 160 9 k) ¢ ] 9 g 8 8
5000 yg/ml A 16.8 168 g L] & 9 L 8 & g
B 3.8 168 4 g 9 ] L& & ] g
MEC A 8.4 100 ) 2 3 3 ) 8 & &
0.5 pgsmi 8 G2 160 7 3 3 2 2 8 & g

[RE

E

~ o

CHO cells wers trested for 12 hours st 3721°C in the
Excluding cells with enly gepe.
Chrometid breaks inclusle chromstid
quadriradials, trirsdisls end complex reare
Chr ome bresks include breske and sesnitrie fr wwey die, dicentric
Severely o cells imclude cells with &r sore pulverized b
Severely cells and pulverizetions were counted s 19 atis
Additional dese levels of 79, 157, 313 yeseL were teated &5 & She
but were not reguired for alcroscopic exesinetien.

chromatid esst

s

cells with 9

96CHS7.330




AT TORICITY TEST UB1NG YERTL
THE oF :

&

Trestment’ Replieate Cell Count eall
Flask (x96% Viability’
{8

Untreated A 1.6 G538

B 1.33 G7E .39 use #/E
DMSO A 1.44 g5%

B 1.23 8% 1.29 668 %
Tertiery Asyl Alcohol, CAS 75-85-&
79 LgdEl A 1.58 G9%

8 $.25 96% 1.57 1078 -TE
157 ygsmt A 1.52 S6%

B 4.9 2% 1.28 S92 1%
393 ug/ed A 1.37 6%

B 7.28 5% 1.27 oo% 1%
625 pgsml & $.09 >

8 1.36 1.2% 4% &%
1250 pg/mi A 1.17 OTR

8 §.82 G88 1.97 215 g%
2500 pg/wl A 1.04 538

B 1.26 S% 9.9% 8&% 6%
5000 pg/w. & .18 ST%

8 $.2% S8 .14 188
ce, A 1.56 o8%
10 pgiet B 1.31 52% 1.%% 108 e
= & 1.18
20 pgiwl B 1.35 92% 1.9% 8F% 133 E
’; K0 cells ware treated in the pes of &n ex souros of setabelic sctivatien for 4 hours st IRI°C.

Yishility determined by trypen blus dve exclusion.
Yisble cells/flesk = call camt n & viable eslls, re
Growth index = (mesn cells per flask trealed growy
percentage. (Test erticle sorcentratiens
untrested eontrol.d

® gell growth inkibition = 100% - ¥ cell grouth iadex.

ted me wmean of Flasks A end 8.
5 eslls por flask centrol grewpd,
g to selvent pentrel positive central

“»

z W

e a8 B
o

A CH3ITI3



CYTORENETIC ANALYRIS OF

Aberrant
, Nitetie Cells Collg®
Trestment'’ Flask Index Scored €%
Untreated A 25.4 160 ] 4 @ ¢] @ ] 0 @
cells B 2.0 168 e 1 8 & ] @ i ¢
NS0 A 26.2 168 & 2 é @ (1] 1 @ U 8,850
8 5.6 108 $ | 9 9 0 b G ] 0098
Tertiary Asyl Aleohel, CAS 75-85-4
525 pglel A 6.6 1890 2 0 1 9 @ 0 ] & &0
B 19.0 160 1 9 i 1] @ & 9 il 8.8%¢
1250 pafmL A 20.6 160 & 1 4 ] ] o 4] 8 §.849
8 21.0 $60 3 g 2 L] a 8 1 & &
2500 pasel A 25.2 160 3 K | ] 3 e L] ] &
B é2.2 100 3 2 ] ] ] 8 9 0 g
5000 pgsml ) 9.2 168 & 1 8 d g 3 @ @ 2]
B 7.4 100 3 1 ] o ] g g o] g,
P & 8.6 gl 27 @ 18 ES & @ € $ &
10 pasel 8 10.4 188 el 1 22 3 & 1 L @ 8
' CHO cells were trestsd for & hours st 3729°C in the presence of an exog s source of sotsbelic estivetion.
° Exeluding cells with enly

Chromstid breaks
¢ iradials, triradiels and ¢
mosone bresks imch

~ @ N @
@
==
%
&

irclude chromatid snd isechirematid breeks aned fo

breaks sd ssentric fo
cells imelude cells with ane or more pulverized o
cells and pulverizati
levels of 79, 157, avd 313 yu/el vore tosted a8 o ¢

lex rearr

1N

were eounted se 18

bt were not reguired for micrescopic sxsninstien.

g die, dicentrie ehee

rretiens.

8

®

®

chrematid snchamge 1

rd aaoinet encessive toulelty at b




Trestasnt/Nervest Salls Bith
&9 Tiss Nitotie Ceolis
Treatment Activetien {Rrsd Seored
Untreated - 12418 4.5 208 2.080 = 0.009 §.6
55D = 12592 5.8 260 €.020 ¢ §.140 2.8
Tertiery Asyl Alechol, CAS 75-85-4
&35 yosel - 18492 2.2 208 8.5
1250 pgfal - 18592 5.3 260 8.0
2580 yassL - 2712 7.6 200 2.8
5000 pgssb - 1é71e 6.3 260 8.5
B - 1271928 7.3 208 8.0%®
0.5 ugrel
Untreated + &s12 8.7 240 0.060 £ 0.008 2.6
DMSO + &f92 235.9 260 6.058 = 6.1%8 2.%
Tertiary Amyl Alcchel, CAS 73-85-4
625 ygsis + &792 7.8 200 6.015 % @.982 9.5
1850 ug/el + &492 20.7 200 0.055 = §.988 3.8
2509 pgsel % &7%2 22.7 260 0.030 ¢ .97 3.8
S000 ugsel + 4792 18.3 200 0.035 = 0.232 2.5
cP * &f92 9.6 200 0.35% ¢ 8.913 26.0%s
10 pg/wl
; Severely dassged cetl ware counted as 10 sberrstions.
g

MA Swdy Mo, G88CHST.330

8
2 530.0%, %, psB.0%; Fisher’s exect test.
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Historical
Values

Control

Positive Control®

Mean

1.0%

27.3%

tandard Deviation

1.0%

16.4%

Range

0.0% to 5.5%

to 94.0%

Historical
Values , A o N
Unireated Solvent Positive Contenl
Control
Mean 1.4% 42.7%
Standard Deviation 1.3% 1.2 24.6%
Range 0.0% to 5.5%

'Solvents include water, saline, dimethylsulfoxide,

and Sponsor-supplied vehicles.

“Positive control for non-activated sudies, triethyle
N-methyl-N’-nitro-N-nitro3oguanidine (MNNG, 0.75-2 ug/
(MMC, 0.08-0.15 pg/mL).

*Positive control for $9-activated studies, cyclophosphamide (CP, 10-50 v
benzo(w)pyrene, (Bla]P, 30 pg/ml).
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Sponsor:
Authorized Representative:

Performing Laboratory:

Test Article L.D.:

Test Article Lot Number:
Test Article Purity:
Sponsor Project Number:
MA Study No.:

Test Article Description:

Storage Conditions:

Test Article Receipt:
Study Initiation:

Laboratory Supervisor:

Study Director:

A Swudy Mo, GU6CIZ4330

UN3271
98.9%, (provided by Chevron)
HES3251-HF-082 ST

clear, color]

lguid

re, protected from

B.S.

Gudi, Ph.D.




study Title: , TIONS I8

Study Number: Go8CT24.330
Study Director: Ramadevi Gudi, Ph.D.

This study has been divided into a sexries of in-process phases. Using
a random sampling approach, Quality Assurance nitors each of these
phases over a series of studies. Procedures, documentation, eguipment
records, etc., are examined in order to assure that the study is
performed in accordance with the U.S. FDa ratory Practice
Q%gul@t ons (21 CFR 58), the U.8. EPA GLPs (40 C 792 and 490 ﬁ?@
160), the UK GLP Compliance Programme, the Japanese GLP Standarxr

the OECD Principles of Good Laboratory Practice d to assure that @ﬁ&
study is conducted according to the protocol relevant Standard
Operating Procedures.

The following are the inspection dates, phases inspected, and repor
dates of QA inspections of this study.

I 16 J8% 87

INSPRECT OW 16 JAY 97, TO &TUDY DIR 16 JAW 987,
PHASE: Protocol Review

28 FEB 87

INSPECT CN 25 FEB 97, TO STUDY DIR 25 FEB 87,
PHASE: Preparation of 8% mixture

INSPECT ON 12 MAY 97, TO STUDY DIR 13 MAY 97, 13 BRY a7

PHASE: Draft Report

INSPECT O 31 JUL 97, TO S9UDY DIR 31 JUL 97,
PHASE: Draft to Final Report

This report describes the methods and procedures used in the
study and the reported results accurately reflect the raw
data of the study.

=N
‘%

@‘%@%@?
ace K Covealivecauecds Aecg 7,977
Claire L.. Courtemanche, B.S. -
OUBRLITY ASBEURANCE

TR




g ns as publ
792, the UK GLP Compli
ratory Practice in all materi
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The identity,
characteristics to define the
determined by the testing facility.

Analyses to determine the uniformity, co
the test or control mixtures were not
facility.

der the test conditions

The stability of the test or control article
was not determined by the testing facility.

, e - [, 7, e T
ﬁf}&%u@% ""éﬁ Lo é@m 4 Seely 3 ek
J 3 3
Ramadevi Gudi, Ph.D.
Study Direcior -

MA Stady No. GBCI4.330




The test article, Tertiary /
the presence of an Aroclo
using Chinese hamster ovary (CHO)

evaluate the clastogenic potentisl of

E
solubility of the test article and com

ol was determined to be the solvent of ¢l

bility with ¢

o8

in ethanol at a maximum concentration of 500 mg/ml
uglml.

at a concentration of 5

The dose levels and harvest times for the chromosome & tion
upon previous study conducted using e test article at Bi
ranged from 313 to 5000 pg/mL in both the non-activated and S%-activ

test article was soluble in treatment medium at all concentrations ¢

The ceils w

for 12 hours in the non-activated test system and for 4 hours in the §9-activated 1

were harvested at 12 hours after treatment initiation for the non-activeted study

after treatment initiation for the S%9-activaied

y. Toxicity (cell growth inhibition) w

approximately 70% and 48% at the ki levels evalu
5000 and 2500 ug/mL, in the non-activated
5000 pg/mL in the S9-activated

mitotic cells observed). Siatisti

i for chromosome

observed in the non-activated fest sy
and 5000 ug/mL (p<0.01, Fi
evaluated, 313, 625, 1250, 2500 ug/ml.

seen in the non-activated system only oceu

reduced the mitotic index. A
(395BA89.330) did not of

concentrations. Based on the

MA Study No.






iates, Ing. on Deceml

article was characterized by

Mitomyein C (I

50-07-7), was obtained

and was dissolved and diluted in sterile distilled water to stock concen:

for use as the positive control in the non-activated test system. Cyeclopl
No.: 6055-19-2), was obtained from Sigma Chemical Company, and

ions of

in sterile distilled water to stock cor
confrol in the S%9-activated test system. For
scorable metaphase cells was selected for
the solvent control at the same concentr

Complete medium or S9 resction mixture

MATERIA

Test System
Chinese hamster ovary (CHO-K,) cells (re

of t
tested using the Hoechst st

MA Study No. G9



at $-70°C until

metabolize 2-aring

Salmonella typhimurium TALO

magnesium chloride, 6

ide adenine dinucleotide ph
(McCoy's 5A serum-free medinm supplemented with 100 units

streptomycin/mi, and 2 mM L-glu

Chromeosome Aberration Assay

The chromosome aberration ¢
by exposing duplicate cultures of CHO cells o0

unireated conirpls. For the chromosor

approximately 5 x 10°

atmosphere of 5+1% CO, in air for 16-24 ho

penicillin and 160 ng

ic
v or 5 ml S9 resction mi
solution of test or control

cells in complete medium or §9

MA Swdy No. G96CI24.330



In the non-activated
vest at 37+1°C in a2 humic

uled cell harvest, Col

a final concentration of 0.1 ug

In the S9-activated
atmosphere of 5%1% CO, in air.
the cells wash [F-PBS, refed with
Two hours prior to the scheduled cell §

@

treatment condition at a final concentration of 0.1 pg/n

incubator until cell collection.

the S%-activ

A concurrent toxicity test was conducted in both the non-activat

studies. After cell harvest an aliquot of the cell ision was removed from cult

counted using a Coulter counter. Cell viability was dete
The cell counts and percent viability were used to det

solvent control.

Collection of Metaphase C

Two hours after the addition of Colcemid®, me

activated and S9-activated studies by ion. Cells

after initiation of treatment in ¢

ay.
for 5 minutes. The cell pellet was

non-activated assay and

in the S59-activated

cells were collected by ¢
ed in 2-4 ml 0.075

iure for 4-8 minutes,

allowed to stand at room ¢

the supernatant aspirated

fixative (methanol:glacial c gcid, 3:1, viv),

ely 2-6°C.

fixative at approxis

MA, Stdy No. G96CI24330




Evaluation of Metaphase Ce

Slides were coded using

process. To ensure that a sufficient
percentage of cells in mitosis per 500 cells sco
cells with 2
without prior knowledge of treatment groups. Whenever possible, a1

treatment group. Metap!

spreads (100 per duplicate fle d scored for chron

aberrations. Chromatid-

exchange figures such as gu

and complex re gements.

exchange figures such as dicentrics and rings. F

absence of any exchange §

R

observed with an exc

9

of the incompl

Evaluation of Test Res

The toxic effects of

MA Stdy No. G96C124.330



tid and isochromatid g

tage of cells with one or more

Statistical analysis of the

Fisher’s test was used to com
that of the solvent control. In ¢
the Cocl

tage test was v

All conclusions were based on so WEVET,

of the data, the test s consid @ positive
cells with aberrations were inc
concentrations being statistically elevated relative to the solvent cont
significant increase at the high dose only with no dose

significant increase at one dose level other

o

considered equivocal. Test les that did not

aberrations were concluded to be negative,

Criteria for & Valid Test

tions in eit

The frequency of cells with s

solvent control must be no

of cells with
aberrations in the positive control must |

relative to the solvent control or 1o the unl

Archives
Upon completion of
ed in the archives of Mi




k of
| compatibility with 1

in ethanol at a concentration of 500 mg/

to

solubility of the test article

Chromeosome Al on Assay

The dose levels and harvest times for the chromosome

hours after treatment initiation, respectively. In
mitotic indices from ¢ was noted
. did not).

repeated due to this discrepency and only the data from ¢

the non-activated study, a discre

(the B flask contained mstapl

The activity of Tertiary Amyl Methyl Ethe
at 625, 1250, 2500, and 50

activation is presenied by ireatment flask in Table 2 and

aberrations in CHO cells when treaved

pg/mi in the abs

Toxicity (cell growth inhibition relstive to the solvent control)
pg/mL, the highest test concenwation evaluated for strue
Concentrations of 625, 1250, 2
An additional concentration of 313 pg/mL

at higher concentrations but were not reguired for micr

of the highest dose level evaluated for chromoso:

solvent control. The

0% reduced, relative to
in the test article-treated. g
dose levels 2500 and
also positive for a dose re
was 12.5% (p<0.01, Fisher's




The activity of Terti
in CHO «

relative to the solvent control)
concentration evaluated for struc
625, 1250 and 2500 pg/ml were evaluate
S000 ugf
observed) The mitotic index of the high

not evaluated due to complete mitotic
dose level evaluated for

2500 ag/mL, was not reduced relative to the solvent cont

icle-treated

| aberrations in the test
solvent conirol at all dose levels evaluated, 313, 625, 1250, and 25

ups was

exact test). The Cochran-Armitage test was also positive for a dose

percentage of damaged cells in the CP group was 53.5% (p<0.01, Fisher’s exa

CONCLUSION

The positive and negative controls fulfilled the requirements for a valid test.

rt, Tertiary Amyl Methvl E

Under the conditions of the assay

®
3

3

(TAME) was concluded to be positive in the chromosome al on assay using Chi

ovary (CHO) cells.

) Po. GOECI24.330




H.J. (1976) Cytological

ens, Principles a

Perry, P., and S. Wolff (1974) New Gie
Naiture, 251:156-158.

Preston, R.J., W. Ay, M.A. Bender, J.G. Bre
Wollf and J.§. Wassom (1981)
of the Gene-Tox Program, Musation Research, 87:143-188.

> 4.4, Heddle, A.F. McFee, 8.
in vitro cytogenetic
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UBRRENT TOKICITY TEST.
48

Treatment’ Replicate o
Flesk viabiliy Inhibiciew 5
(%3 {%y

Untreated A 2.8% 6%

B 3.88 A 12 ] 2.86 BsC &€
Ethenol A 2,16 S8%

B 2.65 965 2.22 160% %
Tertiary Amyl Mathyl Bther (TAME)
313 ugied A 1.93 S8%

B 2.20 STE 2.6% 508 6%
625 ugfsi A 2.26

8 2.1% 2.13 968 &%
1250 posel A 1.76 5%

8 1.79 97E .74 [ g%
2500 pg/el A 1.408 o8k

B 1.55 O7% 766 5% 35 8
5000 pg/mL A 06.85 &5%

B 0.98 798 0.66 30% FoE
MMT, & 2.15 9T%
0.08 pgs/mi B 2.97 98% 2.98 4% 26%
e, A 2.06 4%
0.15 pgsel B 2.2% S6% 2.02 7% ot

CHO cells were trested in the shsence of & @
hours at 3721°C.

Yisbitity determined by trypen blue dye exclusien,

Vvisble celis/flask = cell count x % vieble cells, reperied a8
Growsh index = (mesn cells per flssk trested gr
as & percentage. (Teet article comentrations ¢
e red to vntrested contrel.)

Cell growth inhibition = 1008 - & gell grewth |

gourse of met fe setivatien for 12

of Flesks & ond B.
sn coiles por flask comtrel grewpd, expr
ed te selvent contrel :ftive sentrel

kA Stody Me. G880I24.330



CYTORENETIC ANALYRIS OF

Absrrant
Hitetie Cells Eelis’
Trestment’’ Flask Im seered €8
Untrestsed A 9.6 968 2 6 2 g & 3 o 6
cells 8 9.6 509 2 3 4 $ 8 9 & g
Ethenol A 5.2 160 4 g é 0 il 8 L] & $.848
8 10.4 60 2 % g ] @ ] 8 @ g.05¢0
Tertiary Asvl Methyl Ether (TAME)
625 pgsml A 6.8 160 g % ) @ 3 & ) 8 5.8%
B 6.2 08 8 & & @ L] % G 9 g.88
1250 pg/eL A 5.0 100 5 1 2 ) 2 o o 0 0.050
g 5.6 160 3 e 2 0 1 8 & g 0.85¢
2500 ug/=l A 2.8 100 12 1 9 o 3 0 3 0 8.1
g 3.0 160 & 3 ) a 4 g ¢ & 8
56060 yg/=L A 1.4 160 10 2 8 8 % 3 @ g &
8 0.4 52 21 [ & g & ¢ @ g B
MMC A 5.0 1006 b [ 17 9 3 [ 8 bl §.4e
0.08 yg/al 8 6.6 106 11 & & 9 3 8 iy & &.18

“ oW &

MA Bmdy Mo, GO8CI24.330

Excluding cells with enly
Chromstid bresks include chrosetid angd {scchromstid bresks and ¥
¢ Irirediols, triredisle snd cosslex resr 8
Chromosome bresks include breaks and scentric ¢ ey die, dieentric ahre
cells include cells with ore or sors pulvericsd ebe
Severely d s cells end pulverizstions were camted ss 10 ratd
Additional dose level 313 pasml wes tested but wes net requlred Tor sicrescople ensminstien.

srd eells with 10 or sore




Trastment'  Repiicste Cell Count  Cell _ Visble Cells Cell Growth  Cell
Flask x16®y  viebiliny ssic’ ; irhibitien
[t 3] s

Untrested & 2.49 SEE

8 2.73 1% 2.61 NfC W
Ezhanol A 2.65 GER

B 2.91 2.8 100% (4
Tertiery Amyl Methyl Ether (TAME)
313 pgsel A 2.23

B 2.59 2.13 82% 18%
&25 ugiel A 2.39 8%

8 2.15 56% 2.1% 82% 182
1250 pg/ml A 1.85 89%

8 1.86 95% 1.7 65% 35%
2500 ug/ml A 1.48 96%

B 1.41 4% 1.36 52%
5080 yg/mL s 0.9% 92%

B 0.98 96% 0.50 36% 66%
cp, A 1.95 S0%
10 pg/ml B 1.83 97% 1.77 73% 27%
cP, A 1.68
20 pa/mi 8 1.57 1.40 58% 42%

Bt ne

W

M Study Mo, (3960124330

CHO cells were ¢reated in the presence of sn exg
hours at 3721°C.
Vigbility determinaed by ¢rypen blue dye exclusien.
Yisble celis/flask = cell comt x 8 vistle calls, ¢
Growth index = (mesn cells por flesk treated gr
@ 8 percentege. (Test srtiecle concanmirstions o
compared to untreated contrel.)

Cell grouth irhibitien = 1008 - & coll growth index.

suprssasd
entrol

&y




3.7

Hitotis Celis

Trertment index  Secored
Untrested A 2 168 2 1] 2 8 4] & @ @
cslis 8 9 100 2 0 9 8 2 9 g 9
Ethanal 7 168 3 9 2 0 S $ @ @
7 160 ] @ (0 2 @ 1] 9 8
Tertiary Asyl Methyl Ether (TAKE)
313 pgsel 6.8 108 { 7 @ & 8 9 & 8.8
.6 100 1 9 g 4 e ] g 8.1
625 paiml A 8.4 360 [ 3 9 4 8 ) 8 g
8 10.0 100 1 7 9 2 & & 8 g8
1250 ygswi A 10.8 160 0 a8 & 9 ] 1 & g
B 7.8 160 & 7 6 2 1 2 g 9.2
2500 ugsml A .0 100 7 23 12 § g @ 3 8.
B Tob 100 3 21 8 7 g 3 3 &
cp A 2.2 180 ¢ 52 26 ] 4] 3 1.
10 g/l B 7.8 160 G 3 7 9 § g %

Che

~ @ W

include che

“%@%‘% Mo, {}%&W@%;ﬁ%

THO cells were trested fer & hours 8t 3721°C in the presance of sn exege
Excluding cells with only
Chremstid bresks
guadriradials, triredials end .
cms bresks inclusle bresks and seantric dre
Severely demagsd u@&&@ m@%%@@ m&w %@é@% e eF
Beverely de ]
Dese level 5009 M%f@& ’

not m@%yﬁ@@

chrometid suchempe 1

gte mitotie inbibitien.

soures of setabelie sotivetien.




i

Trasteent {hes)
Untreated fes%e
Ethanol 1éste

Tertiary Amyl Hethyl Bther (3%

635 pasml - 1es12
1250 pgsn - as12
2560 pessl - 1es1e
B000 yosal - 2512
140 - 12712
.08 pg/es

Untreatsd % 46429
Ethansl % &/20
Tertiery Amyl Hethyl Ether (TAME)
313 pasrsd & &/20
625 ugfel ® bg86
1250 vasfml % &f20
2500 pasel * 4420
cp % 4720
10 pgral

200

&80
200

Ssverely d

MA Swdy Ne.

god cells were countsd as 10
®, ps0.05, %%, p=0.07; Flicher’s exset ¢o8%.

8
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N %’*’ﬁ“‘@

Hisiorical
Values

Control
1.

Standard Deviation
Range 0.0% to 5.5% 0.0% to0 5.5%

86-ACTIVATED TEST SYSTEM

Historical

Values T s
. Untreated Positive Conirol®
§ Control
§ Mean 1.4% 42.7%

standard Deviation 1.3%

0.0% to 5.5%

24.6%
7.5% to 100,

Range

'Solvents include water, saline, dimethylsulfoxide, et}

and Sponsor-supplied vehicles.

*Positive control for non-activated studies, triethyie
N-methyl-N’-nitro-N-nitrosoguanidine (MNNG, 0.75-2
(MMC, 0.08-0.15 pg/ml.).

*Positive control for §9-activated studies, cyelo
benzo{o)pyrene, (Bla]P, 30 pg/ml).

CI34.330
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SPONSOR:
TEST ARTICLE 1.D.
STUDY NO:
SPONSOR PROJECT NO.:

PROTOCOL TITLE: Chromecsome A
(CHO) C

high dose for ﬁ%@ chro
toxicity (cell growth inhibition @@@@@W@ to

Ho, G960I74.330




2.0 SPONSOR

2.1  Name:

2.2 Address:

2.3

2.4

3.0

Test




The chromosome
1976), by exposing cult
as 1o positive, unt
will be continuous up 0
t; in the 89

cells will be




7.4

7.5

Controls

7.5.1 Unt

Untre
7.5.2 Solvent Control

g@%@«@@i §@§

7.5.3 Positive Controls

stion \%ﬁ&%@s@ @ @5%
vated ﬁ@@?@
ion \Mﬁ&@ 10-50 pg/

Mitomyein C will be w
as the positive contro




)

unireated control consisting of cells in «

will also be ine

a37:i1*Cine
ent will continue until

3 at 37 £ 1C

lies. After cell |
each cultuse
viability will be detes ‘
percent viability will
solvent control.

Collection of Metap Celis

ed approximately 12

§ hours after initiation o
, Co 140 will

exclusion.
with two




w

%]

i

i)
a
o
b

S m@%@ as di @@ﬁmﬁs
e absence of any ex

otic index will be recorded as ef @@§E§ i m@@@@ per %@@ cells

counted.
CRITERIA FOR DETERMINATION OF A VALID TBST

€.1  Untreated :

olvent Controls

The frequency of cells with structural chron
untreated or solvent control must ke no

me aberrations in either

8.2 Positive Control

¥ M@ém 0 § or to the %ﬁ“@éﬁ@@ ©0

 water
EVALUATION QF TEST
The numnber

in the total
caleulated




All conclusions will be
interpretation of the
when the percen

be w&s@@@g@@ equivocal. Te §§ @m@@ not @@ _
in aberrations will be concluded to be negative.

REPORT

A report of the results of this study will be prepared by Microbiolo @%&ﬁ Associates, Ine
and will accurately describe all methods used for generation and iis of

Resulis presented will include, but not be limited to:

L2]

composition of medium, CO, concentration g@m%ﬁwﬁ time,
{ test article and rationale for §@§@m on of concentratic , duration of

@@% @Eﬁ’%\, onof %z“@a&m@g* with and concentration of Colcemid®, f@y@@ of ma
vation @ﬂ;:\:a“%;@m usec ﬁ p@m ve, untreated, and solvent controls
\@:“b@? @%ﬁf 1

I

| Laboratory
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Evans, HJ. (1976) Cyiological methods for detecting chemical m
Hollaender (Ed.), Cherrical Mutagens, Principles and Methods for 1
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